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Abstract 
Shell CO2 Storage B.V. (SCS) is planning to inject up to 10 million tonnes of CO2 in two 
depleted gas fields: Barendrecht (BRT) and Barendrecht–Ziedewij (BRTZ). This paper 
describes the process of selecting an optimised commercial value chain design for 
capture, transportation, injection and marketing of the CO2, requiring a helicopter view of 
the full system from source to sink over the 30 year injection life cycle of the project. 
The commercial concepts considered, selection criteria used and the selected concept will 
be discussed. Second, the economic modelling criteria for the main value drivers of the 
project will be discussed and the main differences with traditional petroleum economics 
will be indicated.  
Although the project is not pursued for financial profit, the use of the evaluation 
methodology described below has resulted in an optimal value proposition and value 
chain for Government, project, sub-contractors and society. The analysis showed that the 
project differed significantly from other CCS projects due to the relative weight of the 
transportation value component. The risk and uncertainty approach for the economic 
modelling of the key value drivers of the projects has resulted in a robust economic 
model to assist decision making for any changes to the project in a rapidly changing 
political environment.  
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1. Introduction 
Much focus has been placed in recent studies on the technical viability of CCS projects, 
as well as their cost development [1]. Since the majority of the CCS projects still appear 
uneconomic, it is therefore surprising that less attention has been spent on value creation 
(loss minimization) through optimizing CCS commercial models and CCS value chains. 
Indeed, the development of commercial business models for CCS projects is a topic that 
has only recently started getting some attention [2]. Therefore this paper will contribute 
to the value proposition for such projects by discussing the commercial value chain 
optimisation of the Dutch onshore Barendrecht CO2 project, as a case study. The project 
envisages capture, injection and storage of up to 10 million tonnes of pure CO2 from the 
Dutch Pernis refinery into two depleted gas fields. 
Understanding value can first and foremost be done through a sound 
understanding of the project economics. Due to the different types of risk profiles, as 
well as the lack of historic data and large volatility, risk and uncertainty modelling 
through probabilistic models is key to understand value. This paper discusses the 
probabilistic economic modelling assumptions for the main value drivers of the project. 
Economic modelling in CCS projects differs from traditional petroleum economics and 
the main differences will be discussed in this paper. 
This paper presents: in chapter 2, a brief outline of the Barendrecht project; in 
chapter 3, an introduction to CCS value chain optimisation; in chapter 4, a discussion of 
the selection of an optimized commercial framework for the project; in chapter 5 a 
discussion on the general economic modelling approach, as well as the probabilistic 
modelling criteria for the main value components; in chapter 6, conclusions and 
recommendations.  
2. Barendrecht CO2 project 
The Barendrecht onshore gas fields are situated 10 km south of the city of Rotterdam in 
The Netherlands. The area consists out of 2 depleted gas fields, Barendrecht-Shallow 
(BRT) and Barendrecht-Ziedewij (BRTZ), both in an advanced state of depletion; Gas 
production commenced in the 90’s; Shell CO2 storage B.V. (SCS) plans to permanently 
store up to 10 mln tonnes of pure CO2 over a period of circa 30 years in the Barendrecht 
gas fields, making use of the available pore space where natural gas has been stored over 
millions of years. The small BRT field, depth of 1700 meter, will be filled first over a 
period of 3 years. Subsequently, injection will be moved 3 kilometers further to the 
BRTZ field, depth 2800 meter, for an injection period of 27 years. Maximum injection 
rates for the fields are 53 and 105 tonnes CO2/hour for BRT and BRTZ respectively. 
Existing gas production wells will be converted to CO2 injectors, one injection well per 
field and injection will continue until the storage reservoir pressure has approached the 
initial reservoir pressure with a safety margin [3,4]. The project faces various commercial 
challenges, especially around commercial deals for the transportation and commercial 
partnerships, as well as the financial returns. One of the learning goals of the project is 
how to deal with these challenges. In order to create an optimal value proposition, the 
commercial value chain needs to be optimized.   
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3. Introducing CCS commercial value chain optimisation 
In its most simple form, the four necessary value components in the value chain are the 
Capture, the Transportation, the Injection and the Marketing (revenue generation) of 
CO2, see figure 1.   
 
Figure 1 - Full value chain optimisation framework 
In order to fully optimize and to properly target the optimization of the value 
chain, careful considerations of the value chain elements are necessary. To illustrate how 
these value elements can differ for differing projects, the framework is used in table 1 to 
compare an onshore depleted gas field free capture CCS project (comparable with 
Barendrecht) with an offshore Enhanced Oil Recovery (EOR) CCS project using CO2 
from third parties.  
Table 1 – Example use of the value chain framework on different types of CCS projects 
Value chain 
elements 
Onshore depleted gas field free capture 
CCS project 
Offshore EOR CCS project with CO2 from 
third parties 
Capture Zero cost with CO2 available as by-product 
from existing processing facilities. 
 
High cost with CO2 captured from large sources 
such as power plants.  
Value erosion can be minimised technically by 
integration of capture plants with other facilities. 
Transportation Main cost component. Limited optimisation 
through technical means as this uses known 
technology(compressors and pipelines).  
Value can be optimised by commercial 
construction . 
High costs using ship or pipeline.  
Value optimisation can be made in carefully 
assessing both options with respect to distance and 
capital investment. Transportation cost can be paid 
by capturer or injector. 
Injection Mid/Lower cost. 
Relatively easy, using existing wells or 
drilling new ones. 
High cost complex, offshore wells, possibly 
requiring additional injection wells.  
Obvious target for technical optimisation 
Marketing 
(Revenue 
Generation) 
Levels must be comparable to sum of 
capture, transport and injection. 
Potential sources are EUA credits (high 
price risk) and subsidy.  
Levels must be comparable to sum of capture, 
transport and injection. 
Potential sources are EUA credits and EOR 
proceeds, NER 300 or other European subsidies. 
 
As can be seen from the table, the value components need to be carefully assessed 
in a CCS project in order to arrive at the most valuable option.  
4. Barendrecht CO2 project value chain optimisation 
Although it is preferable that the technical development and the commercial development 
go hand in hand to prevent any value erosion, technical boundary conditions will often 
prevail. For the Barendrecht CO2 project the technical layout shown in figure 2 needed to 
be translated in an optimal commercial value proposition, which was the first challenge.  
Capture Transportation Injection & Storage
Marketing
&Revenue
Generation
Full Value Chain Optimisation
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The second challenge was that the Barendrecht project is different from other 
CCS projects in the sense that the majority of the cost expenditure lies in the 
Transportation part of the value chain (since CO2 can be obtained at no cost at the 
refinery). Figure 3 contrasts the average distribution of costs in CCS projects [5,6], 
clearly indicating the special case for Barendrecht. The result of this is that the value 
chain requires most optimisation in the transportation part. 
 
Figure 3 - Typical cost distribution in general CCS projects compared to Barendrecht. Left: average distribution of costs in CCS 
projects [5,6], right: distribution of costs in the Barendrecht CO2 project. 
With the resulting principal focus on transportation costs, the following three 
commercial value chain concepts were considered: (1) standalone value chain 
development concept with full equity in the transportation system, (2) partnered value 
chain development concept with full equity in the transportation system and (3) partnered 
development concept with no equity in the transportation system. The first concept 
assumes that SCS can optimize the value chain without any partners and will invest in 
the transportation system that consists of compressors and a pipeline. The second concept 
assumes that SCS should partner with private or public third parties to share risk and 
rewards and will jointly invest in the transportation system. The third concept assumes 
that SCS should partner with private or public third parties to share risk and rewards and 
will not invest in the transportation system, albeit leasing it. To be able to arrive at a 
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Figure 2- Technical flow diagram Barendrecht CO2 project 
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selected concept with a fully optimized value chain and hence the best value proposition, 
an evaluation based on pre-defined screening criteria was performed for over the full 
range of economical, commercial, organizational, political dimensions and risks of the 
project. The priority or importance of particular screening criteria is normally corporation 
and project specific and is based in this case on using the Delphi method for expert 
advice as well as economic modelling. The priority of the screening criteria, as well as 
their outcomes for Barendrecht are included in the following table 2 below. Every cell in 
the simplified matrix has been evaluated using the high level framework from figure 1. 
Table 2 - Value chain development screening Barendrecht CO2 project 
 
Value chain elements 
Value chain dev.t 
concept 1 
Value chain dev.t 
concept 2 
Value chain 
dev.t concept 
3 
Overall financial return -/- +/- +/- 
Security of future CO2 export +/+ +/+ +/- 
Above ground liabilities -/- +/- +/+ 
Investment costs -/- +/- +/+ 
Operating costs +/+ +/- +/- 
Flexibility to market CO2 earnings (e.g. to use 
for EOR at a later point in time) 
+/+ +/- +/- 
Long term liabilities (well beyond the project 
lifetime) 
-/- +/- +/- 
 
The conclusion of the work is that development concept 3 would yield the most 
optimized value (least value erosion) proposition. Within this value chain concept, there 
remained the strategic choice for the partner. It soon became apparent that third party 
private companies were not interested in taking part in the project as the economics are 
negative and the financial risks are high. The preferred partner in the development as a 
whole is the Dutch Government for two important reasons: the willingness to take over 
the long term liabilities of the stored CO2 and the financial contribution in the form of a 
compensation per tonne of CO2 stored, in line with the Government`s policy of 
stimulating CCS demonstration projects in The Netherlands. It was chosen not to make 
an investment in the transportation system because this is very capital intensive and a 
high-expertise partner was available that would provide the transportation services, under 
lease-type terms. The analysis resulted in the value chain that is shown in figure 4. 
 
 
Figure 4 - Final optimized value chain for Barendrecht CO2 project 
Regulator / Market
Refinery
Third party
contractor
SCS ( Business
Venture)
Government
Mother company
overhead services
Sales of EUA
credits (or reduced
cost of purchasing
credits)
Service:
Transportation
and compression
of CO2 from
Refinery to BRT/
BRTZ
Service: CO2
injection
€
Service: CO2 storage
€
€
€
Service: Project
execution support
€
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The simplified flow of value and services can be derived from the figure. The 
refinery will benefit from the monetary value by paying less for their emissions or will 
directly benefit by selling the EUA credits. To further optimize the value, the commercial 
agreements between the various parties needed to be negotiated in such a way that the 
value proposition of the project will be maximized for all parties. This included ensuring 
that risks within the project come to lie with the party which has the most control thereof.  
Despite the optimization described above, there still remain large cost and price 
uncertainties with the current setup, hence detailed economic modelling was needed to 
allow effective decision making in the face of dramatic changes in, amongst others, the 
political environment.  
5. Economic risk and uncertainty modelling 
The first step was to develop a deterministic discounted cash flow economic model that 
values the above commercial value chain by incorporating all capital and operating 
expenditure, income and revenue streams, fiscal system and commercial constructs in the 
calculations. Since CCS projects have many risks and uncertainties, a proper risk and 
uncertainty analysis by means of probabilistic modelling needs to be in place as well, 
without falling into major pitfalls in model architecture and input distributions [7]. The 
following table 3 illustrates the main differences between traditional petroleum 
economics modelling and typical CCS economic modelling, making the case for the large 
uncertainties and hence the need for probabilistic modelling. 
Table 3 - Main differences between traditional petroleum economics and CCS economics 
Traditional petroleum economics CCS economics 
Hydrocarbon Production  Carbon injection  
Upstream business  Some Upstream and major Downstream business  
Stand-alone projects Projects to support either oil and gas projects (EOR) or 
learning / demonstration projects 
Traditional Industry business, lengthy experience  New Industry business, limited experience  
Clarity on regulation and taxation  Tax, regulatory and legal environment not well defined  
Produce commodity  Produce an emissions trading  / environmental service  
Produce as fast as possible  Inject/produce if the market price is right  
Upstream taxation  Downstream taxation  
Revenue peak in the early  years  Long flat plateau revenue profile  
CO2 valued as cost  CO2 main source of value  
Oil and gas prices volatile, existing global supply 
and demand market  
CO2 prices extremely volatile, new supply and demand 
market, uncertain, volatile, risk of complications, regional  
Mature market with long (> 100 yrs) price history  Developing markets with short (~0-10 yrs) price history  
High risk, high returns  High risk, lower returns 
 
The second step into arriving at a full probabilistic model is by analyzing the 
propagation factors contributing to the Net Present Value using the following formula 
(Taylor series approximation): 
  (1) 
....
1
0 rtermshigherordex
NPVxNPVNPV
i
i
i
n
i






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where xi are the variables with uncertainty (prices, capex, opex etc) whereby the higher 
order terms are assumed to be 0 to approximate a linear relationship between NPV and xi. 
Thus, if the higher order terms are being ignored, the NPV can be calculated by: 
ii
n
i
xaNPVNPV



1
0              (2)  
where the propagation factor is defined as: ii xNPVa  /    
The probabilistic propagation factors were defined for the five key economic 
parameters that have the most value impact to the value chain, which are: EUA price 
(CO2 credit price), pipeline capex, compressor capex, fixed opex (maintenance, 
overhead, fixed electricity price) and variable opex (electricity for compressors). Since 
the transportation system is effectively (in financial terms) ‘leased’, the compressor 
capex and fixed opex are modelled through the lease tariff reimbursement to the third 
party contractor. These 5 propagation factors were determined and modelled into a 
spreadsheet to get an initial and high level probabilistic model.  
The third and last step was to perform a full embedded Monte Carlo probabilistic 
analysis for which the distributions of the economic parameters were determined [8]. The 
distributions for the economic parameters were determined using the following methods 
[9]: 
 Expert interviews with elicitation method, using fixed value method and fixed 
probability method (n=15) 
 Delphi method with project team members (n=5) 
 Analysis of short and long historical data time series (long historical data only 
applicable to CO2 price) 
Since these economic parameters could not be analysed in isolation due to their 
interdependencies, correlations are applied between the economic parameters when 
setting their distributions. The correlations were determined using the methods 
mentioned above. The following table 4 provides the result for the economic parameters 
and their illustrative distributions and correlations: 
Table 4 - Economic parameters with largest impact on value chain with distributions 
Parameter Distribution P90-50-10 Values (€ mln) – input 
parameters for distribution 
definition 
Correlations with other 
variables 
EUA price Lognormal  
(Triangular) 
90%; 10; 50%; 25; 10%; 45 
Triangular as sensitivity 
none 
Pipeline capex tariff Lognormal 90%; 16,8; 50%; 19,8; 10%; 25,8 r=,60-,65 with fixed opex 
Compressor capex 
tariff 
Lognormal 90%; 23; 50%; 25,9; 10%; 29,9 r=,60-,65 with fixed opex, r=,75-
,80 with variable opex tariff 
 
 
Fixed opex tariff Lognormal 90%; (26,0); 50%; 28,9; 10%; 
(34,7) 
r=,60-,65 with pipeline and 
compressors capex tariff 
Variable opex tariff Lognormal 90%; (42,7); 50%; 47,4; 10%; 
(56,9) 
r=,75-,8 with compressor capex 
tariff 
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The final result of the probabilistic analysis showed that the NPV mean of the 
obtained distribution curve differs significantly from the deterministic NPV (delta is 
>50%), mainly due to skewness of the EUA price and variable opex tariff parameters. 
This indicates that the probabilistic view is more applicable to provide information on the 
risks and uncertainties than deterministic modelling only, thereby providing a better 
management assessment in a situation with significant uncertainty. 
6. Conclusions 
Applying a high level commercial value chain framework in combination with the 
assessment of different possible commercial value chain concepts has lead to the optimal 
value proposition for the Barendrecht CO2 project. Three development concepts were 
selected and assessed based on seven value chain components and the optimal 
development concept was chosen. It has been illustrated that value chains across multiple 
types of CCS projects can differ substantially and it is therefore advised to provide a 
tailor-made value chain per CCS project. 
Probabilistic modelling is a necessity in evaluating CCS projects since these 
projects typically deal with large risks and uncertainties. It has been demonstrated that 
decision makers have more information for making a correct judgment if they are 
presented with a probabilistic evaluation than with a deterministic evaluation alone. The 
differences between traditional upstream economics and CCS economics contribute to 
this view. It is advised that a full probabilistic model is used with meaningful 
distributions for the economic parameters, in order to facilitate decision making  
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